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Abstract 
 
Objective: Increasing physical activity is strongly advocated as a key public health 
strategy for weight gain prevention.  We investigated associations of leisure-time 
physical activity (LTPA) and occupational/domestic physical activity with body mass 5 
index (BMI) and a skinfold-derived index of body fat (sum of six skinfolds), among 
normal-weight and overweight men and women. 
Design: Analyses of cross-sectional self-report and measured anthropometric data. 
Subjects: 1302 men and women, aged 18-78 years, who were part of a randomly 
selected sample and who agreed to participate in a physical health assessment. 10 
Measurements: Self-report measures of physical activity; measured height and 
weight; and a skinfold-derived index of body fatness.  
Results: Higher levels of LTPA were positively associated with the likelihood of 
being in the normal BMI and lower body fat range for women, but few or no 
associations were found for men.  No associations were found between measures of 15 
occupational/domestic activity and BMI or body fat for men or women. 
Conclusion: By using a skinfold sum as a more direct measure of adiposity, this 
study extends and confirms the previous research that has shown an association 
between BMI and LTPA. Our results suggest gender differences in the relationship of 
leisure-time physical activity with body fatness. These findings, in conjunction with a 20 
better understanding of the causes of such differences, will have important public 
health implications for the development and targeting of weight gain prevention 
strategies.  
 
25 
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Introduction 
Increasing prevalences of overweight and obesity have been documented for several 
industrialized nations.1-3  This has been attributed to reductions in total energy 
expenditure brought about by the sedentary behaviour patterns associated with 
technological and social change.4  From a public-health perspective, the goal is weight 30 
gain prevention - to increase the proportion of the population who are in the defined 
“normal” weight range.3  Public health policies and interventions must be built on a 
clearer understanding of the relationships between physical activity and body weight5. 
Evidence on the associations of physical activity with weight for men and for women 
is particularly salient to this issue.  Numerous studies have suggested that higher 35 
levels of physical activity are associated cross-sectionally with lower body weight 
(usually body mass index; BMI) or body fat, and more favourable patterns of body fat 
distribution.6-8 However, the relationships between physical activity and weight are 
not straightforward. Correlations of physical activity with BMI or body fat that have 
been reported in population studies are typically low.9 There are some contradictory 40 
findings, either showing no strong relationships between these factors, or associations 
only in subsets of the samples.10-14 
 
Associations between physical activity and BMI have in some cases been reported to 
be stronger for women than for men.  For example, Williamson et al.11 examined both 45 
cross-sectional and prospective relationships between self-reported leisure-time 
physical activity and BMI in a representative population sample of 9325 men and 
women.  They reported that cross-sectional associations between these factors were 
stronger among women.  For men, baseline leisure-time physical activity and BMI 
showed little relationship; in a follow-up cross-sectional survey, only a weak 50 
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relationship was observed.  Prospective analyses revealed a negative relationship 
between physical activity reported at the follow-up survey and weight gain over the 
preceding ten years; this relationship was stronger for women than for men. Cross-
sectional data from a large representative Australian population sample showed a 
negative relationship between BMI and self-reported vigorous physical activity for 55 
women but not for men.15  
 
In contrast to these findings, other studies have reported stronger negative 
associations of physical activity with BMI or body fat for men, and weaker or no 
association for women.12,16  These are studies that have assessed energy expenditure 60 
from physical activity using the doubly-labelled water (DLW) method.  While 
considered to be the most accurate and objective index of energy expenditure, studies 
using this method are typically limited to small non-representative samples. However, 
Westerterp and Goran12 combined data from 209 subjects drawn from 22 different 
studies using DLW measures, providing a pattern of findings that is more likely to be 65 
representative. 
  
Inconsistent findings of studies examining relationships between physical activity and 
BMI or body fat may be partly attributable to the types of measures used. Typically, 
population studies11,15,17 rely on self-reported, rather than measured, height and weight 70 
data to derive BMI; while such measures provide adequate estimates for prevalence 
surveys, they can be prone to reporting bias.18  The measurement of physical activity 
can also be subject to error, arising from a number of inherent problems. Self-report 
measures of physical activity can be prone to recall, social desirability and other 
biases, and the validity of these measures can vary according to age and gender.19 75 
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Several of the studies that report stronger findings for men than women have used 
objective measures of physical activity-related energy expenditure. For example, 
Westerterp and Goran12 found an inverse relationship between energy expenditure, 
assessed using DLW, and body fat for men, but not for women.  However, another 
study using DLW to assess activity reported no differences in activity levels by BMI 80 
for men or women.20   
 
Another factor possibly contributing to the inconsistent pattern of associations found 
between physical activity and BMI is the type of physical activity that has been 
assessed.  Typically, population studies have focused on leisure-time physical activity 85 
(LTPA).  However, the average time spent in LTPA, and the prevalence of higher-
intensity LTPA in the general population is low.21 The contributions of domestic and 
work-related physical activity are potentially relevant to determining physical 
activity-weight associations.  For example, Salmon et al.15 constructed a physical 
activity index from combined LTPA plus occupational/domestic physical activity.  90 
For women, BMI was inversely associated with scores on this index. 
 
We used data from a representative population sample of Australian adults to examine 
the associations of physical activity with being in the “normal” weight range22, 
separately for men and women.  It was predicted that higher levels of LTPA and 95 
occupational/domestic activity would be associated with being in the “normal” weight 
range, as opposed to being overweight.  Since measurements of body weight can be 
confounded by muscle mass23, the associations of physical activity with an 
anthropometrically-derived index of body fat were also examined.   
 100 
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Methods 
Data from the Pilot Survey of the Fitness of Australians (PSFA), an urban-
representative population survey of adults, were used.  Details of recruitment, sample 
characteristics and methods are described elsewhere.19,24,25 Household interviews were 
used to gather data on sociodemographic and behavioural characteristics, as well as 105 
LTPA patterns, and combined occupational and domestic physical activity.  
 
Participants 
A total of 2298 respondents, aged 18-78 years, participated in the original study.  
They were randomly selected from the adult population of metropolitan Adelaide.  A 110 
total of 3384 households were selected by a random sampling procedure and adults 
within these households were invited by letter to participate. The final response rate 
was 62% of households selected.  Of the 2298 respondents, 1302 subsequently 
completed a physical health assessment, during which height, weight, and 
anthropometric measures were taken.  This subset provides that data for the present 115 
study.  
 
Anthropometry  
Estimates for adiposity were based on Quetelet’s body mass index (BMI), which was 
calculated as weight in kilograms divided by the square of height in meters. Based on 120 
the Australian National Health and Medical Research Council recommendations22, 
respondents were then classified as underweight (< 20 kg/m2), acceptable weight (20-
25 kg/m2), overweight (>25-30 kg/m2) or obese (>30 kg/m2).  The present study 
focused on comparing those in the “normal” BMI range with those in the overweight 
range.  Participants in the “underweight” and “obese” BMI categories were excluded 125 
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from all of our analyses. Our focus was specifically on what might differentiate the 
“normal” from the “overweight” categories and so analyses of both BMI and skinfold-
derived body fat were conducted on the same sample of participants in the normal or 
overweight categories.    
 130 
A body fat index (in millimetres) was calculated as the sum of six skinfold thickness 
measures (biceps, triceps, subscapular, supraspinale, mid-abdominal, and medial calf) 
assessed using skinfold calipers. With obese and underweight participants excluded, 
the median skinfold sum for the sample was calculated separately for men and 
women.  Participants were then categorised as being in the “upper” (skinfold above 135 
median) or “lower” (skinfold below median) body fat category.  This permitted the 
assessment of the relationship of physical activity with a more direct measure of 
adiposity. 
 
Physical Activity  140 
Detailed questions about LTPA involved showing participants a list of physical 
activities and asking them to recall the type, frequency, duration, and intensity of each 
activity performed for the past two weeks.19,24  LTPA physical activity categories 
were calculated by estimating energy expenditure.  LTPA was calculated using the 
first five reported activities that were at least moderately or vigorously aerobic (e.g., 145 
walking, jogging, aerobics, swimming).  The product of the two-week frequency and 
average duration of each activity was multiplied by the MET value (multiple of 
resting energy expenditure or “metabolic units”19,24) of the activity, to calculate the 
total amount of energy expended for each activity.  The total energy expenditure 
calculated was used to categorize LTPA level as either sedentary (<100 150 
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units/fortnight), low (100-1499 units/fortnight), moderate (1500-3250 units/fortnight) 
or high (>3250 units/fortnight).19,24,26  
 
A separate global PA measure assessed the time spent in vigorous tasks performed at 
work and around the house in the past two weeks. The total time spent in vigorous 155 
activities at work or home was dichotomized at a threshold of one hour per week15 , to 
classify participants as active or inactive at work/home, as a subset of physical 
activity that was separate from LTPA categories. 
 
Demographics  160 
Self-reported education level was categorized as sub-secondary, secondary or tertiary 
level.  
  
Statistical Methods 
Analyses were conducted using the SPSS version 9.0 statistical software package.  165 
Logistic regression models were forced entry models, conducted separately for men 
and women.  Since age and education level are known to be associated with body 
weight3, all models adjusted for these factors.  The first model examined the 
likelihood of being in the normal BMI category, compared to being in the overweight 
category, using LTPA and combined occupational/domestic activity as independent 170 
variables. The second model examined the likelihood of having a body fat index (sum 
of six skinfolds) within the lower range compared with the upper range, as a function 
of LTPA and combined occupational/domestic activity.   
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Results 175 
Data from 559 men and 496 women with a BMI in the normal or overweight range 
were included in analyses. The distributions of age, education level, LTPA and 
occupational/domestic activity across BMI categories (normal weight or overweight) 
for men and women are shown in Table 1.  Age and education level were significantly 
associated with BMI category for both men and women (men - BMI by age, 2= 47.6, 180 
p<.01; women - BMI by age, 2=48.0, p<.01; men - BMI by education, 2=23.1, 
p<.01; women - BMI by education, 2=15.5, p<.05).  The logistic regressions below 
therefore controlled for age and education level. 
________________________________________________ 
 185 
    INSERT TABLE 1 ABOUT HERE 
________________________________________________ 
 
Physical Activity and BMI 
Adjusted odds ratios (OR) from the logistic regression analyses investigating 190 
associations of normal BMI with LTPA and occupational/domestic activity are shown 
in Table 2 (Model 1). After controlling for age and education, LTPA was associated 
with being in the normal weight range for women.  Compared with sedentary women, 
those who were active at a low level during leisure-time were 1.7 times (p=0.06), 
those moderately active were 2.3 times, and those highly active, 2.6 times more likely 195 
to have a BMI in the normal range.  For men, only those who were highly active in 
their leisure-time were significantly more likely than the sedentary to have a normal-
range BMI (OR 1.8); this relationship was weaker than that found for women (OR 
2.6).  There were no differences in BMI category for either men or women reporting 
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being vigorously active for an hour or more a week at work/home compared with 200 
those who were vigorously active for less than an hour a week. 
 
Adjusted odds ratios from the logistic regressions predicting a lower compared with 
upper category body fat index (sum of six skinfolds) from LTPA and 
occupational/domestic activity are presented in Table 2 (Model 2). After controlling 205 
for age and education level, there were no associations between LTPA or 
occupational/domestic activity and adiposity for men.  For women, moderate and high 
LTPA predicted being in the lower body fat category.  Compared with sedentary 
women, moderately-active women were 2.4 times more likely, and highly active 
women 2.9 times more likely to be in the lower body fat category.  210 
Occupational/domestic activity was not associated with body fat for women. 
 
________________________________________________ 
 
 215 
INSERT TABLE 2 ABOUT HERE 
 
________________________________________________ 
 
 220 
 
 
Discussion 
Using data from a representative population sample of Australian adults, we found 
statistically significant associations between LTPA and normal BMI, and LTPA and 225 
lower body fat, among women, but few among men.  Higher intensities of LTPA, 
which involve higher levels of energy expenditure, were associated with normal BMI 
and lower body fat for women.  This is consistent with previous population-based 
findings that self-reported LTPA is more strongly associated with BMI for women 
than for men.11,15  However, it is possible that BMI measures in population studies are 230 
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confounded by muscle mass, especially for men, and that this may influence the 
relationship between activity and body weight.  We used an anthropometrically-
derived index of body fat (sum of six skinfolds), and again found a significant 
association of LTPA with body fat for women, but not for men.  
 235 
The gender differences observed in the associations between physical activity and 
both BMI and body fat in the present study may be at least partly attributable to 
differences in the self-report of physical activity by men and women.11 For example, 
women may take part in a smaller number or a more readily-reported set of activities, 
which facilitates more accurate assessment; alternatively, men may perceive more 240 
social pressure to over-report their physical activity levels than do women. We cannot 
rule out, however, the possibility that mechanisms other than measurement bias 
influence this relationship for men and women. Different types of activity are engaged 
in by men and women, with women more likely to be active at lower intensities than 
men3,21; this may result in differential effects on body composition or aerobic fitness.  245 
Alternatively, gender differences in energy intake, rather than expenditure through 
physical activity, may account for differences in observed relationships between 
physical activity and BMI and body fat for men and women.  The present study, and 
past population studies of the associations of physical activity with body weight11,15 
did not control for energy intake in their analyses.  It is possible that physical activity 250 
has differential associations with food intake for men and women. Finally, evidence 
of significant genetic or biological influences on physical activity and weight have 
been reported;27,28 it is possible that such biological factors play a role in determining 
the strength of the relationship between physical activity and weight in men and 
women.  255 
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The strengths of our study include the use of a large population sample; the 
replication of results of analyses of activity and BMI, with an anthropometric measure 
(the body fat index); and the objective assessment of height, weight and body fat.  
Previous studies have used either objective physical measures with smaller samples,12 260 
or self-report measures with large population samples.11  Although skinfold measures 
are generally regarded as less objective indices of body fat compared with, for 
instance, underwater weighing, isotopic dilution and multi-compartment chemical 
models,29,30  they are a more practical and inexpensive measure of adiposity for large 
samples. Norton31 has previously advocated that a sum of skinfolds provides a reliable 265 
method for monitoring individual body fat levels, and in trained hands the 
reproducibility for duplicate measures is 0.6-3.3%.32 
 
The present study used a cross-sectional study design.  Thus, the possible causal 
nature of the associations between activity and weight cannot be addressed.  It is 270 
possible that an unknown number of those in the overweight BMI range may engage 
in physical activity in order to control their weight.  Future longitudinal studies could 
clarify relationships between LTPA and occupational/domestic activity, and healthy 
weight maintenance versus weight gain over time.  Further, better measurement of 
physical activity will help clarify these relationships.  While the use of DLW gives a 275 
direct measure of total energy expenditure and is considered the gold standard in 
assessing physical activity objectively,14 this method is expensive and impractical for 
large samples.  The use of accelerometers33 to provide more accurate estimates of 
LTPA and occupational/domestic activity could, however, be considered. For 
instance, tri-axial accelerometers have been established as an inexpensive and 280 
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objective method of distinguishing differences in activity levels between individuals 
in large samples.14,34  
 
One specific limitation of our study is the reliance on a generic self-report measure of 
occupational and domestic physical activity.  In addition, the combined 285 
occupation/domestic physical activity measure used in this study does not enable 
differentiation between these domains of activity, and only assessed vigorous-
intensity activity.  It is possible that any relationships between occupational/domestic 
physical activity and weight may have been obscured by the use of self-report items 
which were not sensitive enough to detect an association.  Other studies, which have 290 
utilized more precise measures of combined activity, such as DLW,12 report a 
relationship between body fat and energy expenditure activity that contradicted results 
reported here; the associations in this previous study were significant for men but not 
for women. The associations between activity and BMI and body fat in the present 
study may also have been obscured by sampling bias.  Participation in this study 295 
required physical assessment and fitness tests, and this may have deterred those who 
were less active or fit from taking part.   
 
Further investigation, building on the strengths of these studies and using more 
accurate measures of body composition and physical activity, is required to clarify 300 
these findings.  While limited by the cross-sectional design and reliance on self-report 
measures of physical activity, our study points to the importance of further examining 
gender differences in relationships of physical activity with the likelihood of adults 
being in a “normal” weight range versus being overweight.  Such associations need to 
be investigated in prospective studies.  The possible utility of gender-targeted and 305 
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more specific weight-gain prevention strategies can be investigated, based on a clearer 
understanding of these relationships. 
 
 
310 
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Table 1: 
Distribution of sociodemographic and physical activity variables by BMIa (kg/m2) 
category for men and women 410 
 
 
 
 
MEN 
(n=559) 
 
 
WOMEN 
(n=496) 
 
 Normal 
weight 
 
Overweight 
 
 
Normal 
weight 
 
Overweight 
 
 % % % % 
AGE GROUP     
    18-29 56 31 68 14 
    30-39 54 35 56 18 
    40-49 46 41 53 28 
    50-59 41 45 51 27 
    60-69 37 54 44 37 
    70+ 38 56 31 52 
 
EDUCATION 
    
   University 61 31 62 17 
   Secondary 49 37 55 24 
   Sub-secondary 37 52 48 29 
 
LTPA 
    
   Sedentary 41 50 37 35 
   Low 44 42 53 27 
   Moderate 46 41 55 22 
   High 56 34 66 20 
 
OCCUPATIONAL/ 
DOMESTIC ACTIVITY 
   <1 hour 46 43 53 26 
    1 hour 47 40 54 25 
     
a Normal weight = BMI 20-25; Overweight = BMI >25-30. 
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Table 2:   
Two logistic regression models investigating: 1/ the likelihood of being in the normal 415 
BMI range, as a function of leisure-time physical activity (LTPA) and 
occupational/domestic physical activity; 2/ the likelihood of being in the lower body 
fat rangea, as a function of LTPA and occupational/domestic physical activity 
 
 MEN 
 
WOMEN 
 Adjusted 
odds ratio 
  
 
95% CI 
 
p 
Adjusted 
odds ratio 
 
95% CI 
 
p 
 
MODEL 1: PHYSICAL ACTIVITY AND BMI 
 
LTPA  
Sedentary 
 
1.00 
   
1.00 
  
    Low 1.16 0.69-1.93 0.58 1.71  0.98-2.96 0.06 
    Moderate 1.26 0.77-2.05 0.36 2.31  1.28-4.15 0.01 
    High 1.76 1.01-3.06 0.04 2.59  1.34-4.99 <0.01 
 
OCCUPATIONAL/ 
DOMESTIC  
ACTIVITY 
     
Inactive 1.00   1.00   
   Active 1.08 0.76-1.54 0.66 1.07  0.68-1.70 0.77 
 
MODEL 2: PHYSICAL ACTIVITY AND BODY FAT 
 
LTPA  
Sedentary 
 
1.00 
   
1.00 
  
    Low 1.03 0.62-1.71 0.91 1.63 0.92-2.86 0.09 
    Moderate 0.99 0.61-1.62 0.97 2.36 1.31-4.23 0.01 
    High 1.39 0.81-2.40 0.24 2.92 1.55-5.52 0.01 
 
OCCUPATIONAL/ 
DOMESTIC  
ACTIVITY 
     
<1 hour 1.00   1.00   
    1 hour 0.78 0.55-1.10 0.16 0.74 0.48-1.15 0.18 
       
a Participants were categorised as being in the “lower” body fat category if their sum of six skinfolds 420 
was below the gender-specific median 
All odds ratios adjusted for age and education level 
